D

CONFIDENTIAL

"RDP78-03153A001300030009-8

7/

= 2N

- SECURITY INFORMATION

_ INTERIM REPORT NO.-5

RESEARCH AND DEVELOPMENT |
: OF o
. CACHE MfRKER SYSTEM
PHASE II: DEVELOPMENT OF ENGINEERING
' PROTOTYFE

. Covering the Period

15 fugust 1953 to 15 October 1953

- "

Contract No.

16 November 1953

CONFIDENTIAL

wanty sty

SECURITY INFORMATION

-t

eclassif

~ 2 ;
W R S o R

ied in |

TS T AR

IR T e

ved for Release 2014/05/01 - CIA-RDP78-03153A001300030009-8

ormation affecting the natiomal
25 within the mesaning of ths ’

o




Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8

CONFIDENTIAL
SECURITY INFORMATION

INTERIM REPORT NO. 5
RESEARCH AND DEVELOPMENT
| | T
; - L CACHE MARKER SYSTEM

PHASE II: DEVELOPMENT OF ENGINEERING

S | | ' |  PROTOTYPE

Covering the Period

15 August 1953 to 15 October 1953

Contract No - :

16 November 1953

Thig deeument contains information affecting the national
defense ef the United States within the meamning of the
Hepionage Laws, Title 18, U.S.C., Sections 793 and 794.
The transmission or the revelation of its contents in any
menney to an unauthorized person is prohibited by 28Me

CONFIDENTTAL .
SECURITY INFORMATICN

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8

50X1

- 50X1



£ ' :
Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8

; <::> |

@

CONFIDENTIAL
SECURITY INFORMATION

ABSTRACT

The construction of the portable Q-Meter detection systeﬁ has been
compléted. Tests in the laboratdxy indicate a maximum range of aboﬁt 8 feet
between detector and tranépondero Using an aural indication, modifications
made to im@rove the sensitivity of the detectoér have resulted'in no increase in
range. An increase in range of about 2} feet was obtained withAthe.use of a
méter indicétion° This resulited in a less stable ciréuit. _ , |
Tfansponders incased.in a glass fibre reinforcgd plastic éhell have
been tested. The results indicate that they can be made %atertight ﬁithlproper
cara, The deteétability of thevtfansponder is not altered bj being encésed in
the plastic shell. Further efforts to find a suitahle material for potting the
transponderé have been unsuccessful, Further wérk in this direction‘was dis=
continued, |

A coil winder to wind coils of the design used fof thé transponder :

was designed and constructed in order to demonstrate that the transponder coils

can be wound by machine,
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I.

DETECTION SYSTEM

1. Construction Details of Detector

‘The construction of the detector according to the cireuit given in

In*berim Report Number h wis completed during this period. The positions

of t-e' compon ! whn.ch make up the detector and its construction details
are given in the series of photographs whlch appear on page numbers 3, h,

5, 7 and 8,

Figures 1, 2, and 3 show bottom, side, and top views respectively of

the detector in its folded position. The band switch and main tuning con-

tr‘ol can be seen in Figure 1. In F:.gure 2 the ampl:.tude control can be

seen in the lower right corner of the metal case which contalns the cir-

cuits of the deteetor and the\battery power supply. One of the swit.ches

' which is used to turn on the detector can be seen at the center of this

case. Figure 3 shows the Fa'raday shield of the detector coil, The lead

‘ from the center of “the shield to one edge of the case grounds the shield

to the case. The two leads °"§ the left s:Lde ‘connsct ’che detector coil to
the circuits within the case. ‘In Flgure L, the detector is shown in its .
open, or operating, position. The coil is supported in this position by
means of the cloth tape in the center and the braces on either side. On
the side of the case may be seen four rows of buttons which when removed

ellow access to the padders and, trimers for adjust.ing the oscillator and

the detector circuits, Two trimmers ‘and two padders are used for each

frequency band., Figure 5 shows the detector taken apart. The top and
bottom plate’s are removable to give complete access:'to the electric cir-

cuits without removal of the detector from its case . With the top plate

- removed the batteries can be replaced as well as the tubes., The removal
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Figure 1,
Bottom View of Detector
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Figure 3.
Top View of Detector
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Figure L. Detector in Operating Position

C

. -l : CONFIDENTIAL

SECURITY INFORMATION
Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8

50X1



.
v

Declassified in Part - Sanitized Copy Approvéd for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8

o _ CONFIDENTIAL -
SECURITY INFORMATION

e\/v L ¢
T Sl . 3

[ s‘ ms . %
&

i . ]

i ; - o 1 ~ - - )
‘ - b ¢ : crgf e LT e b1

3 X v - 3

| . . B 5
. o [ il . —
. o - . T

e
LI B N

Figure 5. Detector Disassembled
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of the tubes without removing the detector from its case is made possibls
by means of large plug-in buttons which'ooincide with the position of the
tubes., .'F‘igure '6 is an enlarged view of the detector removed from its case,
The oscillator and its freQueﬁcy determining circuits occupy the upper
cqmpartxﬁenf and the receiver and its frequency determining cﬁ.rcuits occupy
the vlzlaw’erv compartment. - The éscillator tube and circuif. are in the upper

right hand corner. The lower right hand corner contéins the receiver

amplifier. Most of the space is occupied by the frequency determining

circuits which are needed to give the degree of flexibility which is re-
quired. The power supply consists .of two 67%- volt batteries .which supply

B plus to the oscillator and receiver and the bias reciuimd for the input |
stage of the receiver. These batte‘riés oécupy the lower right hand posit'ion.
Three filement batteries are used. The 1% volt battery on the right side
supplies the filament. voltage for the Hartley type oécillator. The two
filament batteries for the receiver occupy the lower left hand position.

Figure 7 shows the rotating capacitor. Figures 8§ and 9 show two views of

- the rotating capacitors and clock motor.,

2. Operation of the Detector

The completion of the construction of the de‘bector was followed by

careful checking of its operation, One of the - f:n_rst. thlngs that was

 noticed was a background noise which sounded like 60 cycle picknp. This

noise was finally attributed to interaction between the reéeivar' and trans-
mitter circuit whose' plate:_vol'tages are supplied by the same batteries.
A decoupling network wa's_'“;plac'ed in the plate circuit of the oscillator

which removed this condition., Tests to determine t:he' ranges at which ’

" transponders could be’detected gave'disténces of 8 to 10 feet depending

on the adjustment of the amplitude and fine tuning controls,
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Figure 6. View of Deteector Gircuit.
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. Figure 9. View of Clock Case Showing -
g Clock Mechanism = .
50X1

- -8- CONFIDENTIAL
; SECURITY INFORMATION

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8



Declassified in Pavrt'- Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8

CONFIDENTIAL
SECURITY INFO RMAT ION

(:) , It was observed that large metal objects (such as a tool box) placed
within six inches of the transponder reduced the range at which the trans-
ponder wésostill détectable. This effect seemed to be more proﬁounced
when the‘metal'objeot was behind the transpander than when in front of the
'trahsponder; This means that a cache consisting of a large metal object
will héva to be placed a foot or more below the transpohder. Tésts shbuldb>
be made to determine what the distance between the transponder and the

‘ caohevshould be in order ﬁot to seriously reduce the réhge of detectabiiity. -

Modulation of the oscillator instead of varying the resonant fre~
quency of the series tuned receiVer:circuit was tried. - It was found that
this resulted in a "cleaner" signal, Frequency modulation of the oscillator
has the additional advantage of not requiring a high @ rotatlng capacitor.
.The Q of the oscillator 01rcu1t 1s lower than that of the receiver circuit

(:D and its operation is not affected by the addition of a relatively low Q
capacitor, This permits the case of the fotating»capacitOr to be made of
a plastic¢c which has better.mecﬁanicél properties, AlthOugh,fréquency
modulgtion'of the oscillator is_uséd to accomplish-the same thing as
modulation of the resonaht freqﬁency of the receiver circuiﬁifphe mathema~

" tics describing the two aotions are coosiderably'differeﬁt. Petails are
given in tho Appendix,

The tracking errors on some of the bands were larger than could be
compensated for by the present rotating capacitor. A new rotating capaci-
tor is being built which will have twice fhe capacity range and half the |
rate in cepacity variations. This is beiog accompiished by reducing the
number of teeth by half and making them twice as big in area. There are
theoretlcal results lndlcatlng that a reductlon in the rate of capacity

<:> | varlatlons will result in 1mproved operation in tracklng.

N , 50X1
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An increase in the range of the detector was accomplished by rectlfyb _
ing and fllterlng the audio 81gnal and dlsplaying the result on a d.c.
vacuum tube voltmeter. This resulted in a gain in qange of about al feet,
However, “the varlatlons in magnitude of the audlo 31gnal 4o which the ear

is not sensitive, caused the meter to move erratically thus requiring .a

- filter with a one second tlme constante This additional range was ob-

tained'Withva-sacifice infoperétibnal utiliﬁy. The ratefat which the main
tunlng control could be rotated was limited by the tlme constant of ‘the
filter and the response of the meter. In addltion an aural indication is
considered to be considerably more desirable than a2 meter indication.
Observations of the wave forms on the grid of the first amplifier
stage Qr the raceiver'circuit indicated an extremely small voltage when
the amplitude control was adjusted for a comfortéble; audible.leﬁei'at the
earphones, It appeared that 1mprovement in sensltiv1ty could be obtained
by raising the magnitude of the signal that could be comfortably handled

at the earphones. This was accomplished by introducing positiﬁé»hias at the

- cathode of the second amplifier stage of the receiver thus causing clipping
of part of the signalo This amounts to havnng a second “w1ndow" in the

frgbeiver ¢ircuit. These modlflcatlcns resulted in no improvemant of the

seﬁsitivity'of the detector. Using the 1nput'stagefof.the,recelver circuit
as a "window“ - voltage amplifier was tried to determlne whether additional
gain obtained in this way'would result in 1ncreased sen51tivity, This rew
sulted in an unstable clrcuit.-

3. Position of the Detector Coil

Interlm Report Number L mentloned two possible conflguratlons of the

detector coil with respect to the-operator. The most desireable configura-

* “tion would be one in which the operator wears the detector coil as a belt.

. \ 50X 1
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‘ - -~ The problem in accomplishing this in practice is that of " controllmg the
| distributed capacity between detector coil and operator. If the changes
', .are’ greater than that which can: be compensated ﬁor by the rotatlng capaciwr,
- detuning results., This result.s m a null in the aural i.ndicat:.on which
| could be mis:.nterpreted as the presence of a transponder. Effective shiald-
“ing which reduces the variation. of capacity to a point where the rotating
| capacitor can compenaate for these varlatlons also reduces the Q of the
detector coil by a factor of ten or. more. The sensitivity of ‘the detector
is reduced by the same factor... No further work will ‘be done on attempting
" to place‘v, the operator ih.side -the- d__etector coil. The. __ccufiguration of the

detector coil that is presently being cohéide_redg’is. shown 1n Figure 10.

. | | o . 50X1 |
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! Figure 10, The Detector in Operating Position
| . with Operator
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le Shellestructure

The design of ths shells that are to be used for the packaging of the
tranSponders, which was presented in the last Interim Heport, requlred
only one set of matched metal molds for productipn. However, because of
the difficulty in joining a pair of shells of thls design together and ob=
taining a watertight joint, the design has been changed., The two half-
shells which nake a packsging unit are slightly differsnt in size allowing
one ‘to fit inside the other, This does away with the flangé on the ingide
and the;séaling band used on the outside. The jointé are sealed with an
epoxy resih. A small holebdrilled in one of the haif?sheils allows the air
to esdape‘freely rather than féfcing iﬁs way throughbthe joints thus leave
ing places in the joint through which water cen later seep through. This

| ~hole can als¢ be used when checking to see that the Jjoints ar'e really watér-
tight; This can be accomplished by applylng compressed air to the trans~
ponder submerged in water and obaerv1ng whether or not air bubbles appears,

" The questlon of whether this structure will remain watertight after
five to ten years im one which is diffiéulﬁ to answer. As.an extra insure
ance aé.ainst the possibility of moisture getting‘ at the coil we will dip
the coils in cerese wax thus further protecting them against the leakage
or seepage.

In the initial work with Chance Associateé on the fabrication of the
glass fibre reinforced plastic shells it was decided_that three different
types of structures would be tried.'”Aii three methods énvolved telescoping'
halfnshéils, The first method consisted of thin shells, about 1/32 of an

‘3-inch thlck in which the transponder is placed and then wrapping the

. _ 50X1
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‘assembly with glass fiber tape that has been saturated with polyester re-
sin in a manner similar to the way new automobile tires are wrapped (See
Figuro ‘11). The second method consisted of thick telescoping shells aboot
1/16 of an inch in thickness bonded together with an epoxy‘ resin (See -
rmmmxmemmmmﬁmmadamMmUummmnmm
the sholl which fits on the outside being the thick one. A third shell is

then formed by hand laymg up of glass fiber matazd res:.n on thatvpart of

the struoture which is thin walled. o
| Laboratory tests have indicated that the materialo used for these

~structures do not alter the detectability of't‘hof tranéponders.- The trans-
po’nderé have been sobmerged in saltwater‘v .forbé'several days at a tims to

de termine whethér or not they are i«:atertight. The transponder of the con-
struction first mentioned was decided to be unsatisfactory. Whemer or

not 1t will remain watertight deponds on the quality of the many.jomts |
formed in wr.appinvg and lof the‘ three methods it is the most difficult to
make. No more consideration will be given to this type of structure. The
other two‘étruotore‘s have both proven'to be ﬁatertight‘.' " The ten trans-
ponders that are being packaged for us- by Chanc_ér.&éoéoiates will be made by
both of these methods. | | |

 The coils for the ten transponders were mado by hand using plexiglass

for the coil forns and Li:’oz_ wire made of 2l strands of number 30 wire.

‘The coil }iform and the finished coil are shown in Figures 13 and 1. Data
were taken of the mechanical and electrical properties of the coils to obe
tainvsome measure of the reprodlicibility of these properties in manufacture.
The variation in physicel dimensions was larger than would be expected in

manufacture. The coil forms in production would be made by injection
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Figure.ll, Transponder Encased in Thin
Shell and Wrapped with Tape

Figure 12, Tr":anspohder Encased in Heavy
Telescoping Half-shells
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Figure 13. Coil Form

Figure 1., Transponder Ready for Packaging
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B "moldmg where the tolerances can e kept to within 1/100 of an inch, For
‘the ten coils the inside diamster varied from 1019/32 inches to 10°/k
.:i.r'lc‘hés‘. ' The outside diameter varied from 1h% inches to 145/16 inches.

.A _For each 0011 the follomng electrical measurements were made: the D.C.

| ‘_resmtanca, the Q at 60 80, 100, 110, and 1L0O KC., and the capaclty needed -

‘to tune the cils to 100 KC. - AB a measure of the reproducibility of these

quant:.ties the standard devmtions were computed: The results are as

folla\ws.‘
Mean Value Standard Deviation
‘D. C. 'resistance. . . . . 1,052 Ohms ‘ 0.025
‘ Q at 60 Kc e e 0 o » . 32308 ‘ ho?é
- Q at 80 KC o o s o « o . 352.5 _ . 1)4.13
, Qat 100 KC o o o o o » o 385.4 3.98
' Q at 110 KC ® * o o 6 b & 36306 2; 62
o - /'Q at ]ltOKC s e s 0 o s @ 3&5-2 070
.. ‘Capécity to tune :
20 JOO KC ¢ o ¢ ¢« o » » lhh9.8mf ‘ h.9hmmf

If a normal distribution is assumed, the standard deviations give the
moSt probobié plus and minus 1imits for these qﬁantities. The spread in
values obtained is surpmsmgly :smal)l with the exception of the value cb-

| talned for the Q at 80 KC.’ o |
' The_ probable contribution to the spread in frequency due to deviation
' _in‘ c_oil inductance for 'transponde:s‘ supposedly tuneci to the same frequency )
is compnted from |
| ot t -(ac/20)t
giving a value of 172 cycles per second for h.9k mmf at 100 KC. This in-
formation in conjunction with data on the tolerances of the tuning capaoitors
used and the capacity affects o.t‘ the earth and transponder case will deter-

" mine how narrow the frequency bands can be made.

_ . 50X1
-17- CONFIDENTIAL
¢  SECURITY INFORMATION

Declassmed in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA- RDP78- 03153A001300030009 8



Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8

CONFIDENTTAL
SECURTTY INFORMATION

30 ' Potting

‘During this period a méeting was held with - 50X1

\to discuss the problem of potting the transponders, 90X1

" There are only a few plastics that can be used for this purpose because

-of‘the'requlrements for low dielectric constant and low power factor. The

best materials in order of increasing dielectric constant and increasing

poweybfactor-aré polystyrene,>tetrafluoroethylene, po§yethy1§ne'and hard

rubﬁe#;h The dielectric constant for these materials varies from 2.6 to

' B.Q“aﬁdgthe power factor varies from 0.0001 to 0.0gg. Of these materials

| ;lpoiystjrene is the only oné'ﬁhich'does not have thewnecéssary mechanical

properties. However,there are difficulties in handling the latter three

B maﬁefials. Tetrafluoroethyiene has- excellent mechanical properties but
K n; it is extremely difficult to handle and requires high temperatures in
(formlng. In addition, it is expensive compared with the other materials.
_ The ‘same requirsment of high temperature in forming is inherent with the |
.-_iuse of»hard rubber. -Polyethylens which is a thermoplastic material melts
| bétﬁééﬁ 110° and 150°C.» It réqﬁires the lowest forming temparatufe with

" the exception of'pa..ystmne. It is also a relatively low cost, material

and is therefore highly desirable,.

Experlmants were performed to determine the proper techniques for

| handling polyethylene as a casting material. Onegof the'msnufacturers of

polyethylens, the Union Oarbide and Carbon Company, has infarmed us that
this. material has,'nev'er beén uéed for. casting but rather is uséd in ine
jeéfion-molding érocasses. The difficulﬁy that is encountered in trying

to cest this material is primarily due to the 1arge shrinkage which ocours
whan the material goes from a liquid to a solid state., It has an extremely

4

| ' 50X1
-18- CONFIDENTIAL |
» SECURITY INFORMATION

| DecIaSSified in Part - Sanitized Copy Approved for Release 20114/05/01 - CIA-RDP78-03153A001300030009-8




Dé'classified‘ in Part - Sanitizéd Copy Approvéd for Release 2014/05/01 : CIA-RDP78-03153A001300030009-8
CONFIDENTIAL
~ ‘SECURITY INFORMATION | |
@ . . P : high coeffient of expansion va'nd upan.coo'ling without the presence of ex-
o A vternal pressure forms cavitles or cracks. In addition, the temper»ature
',FA- . o at. whlch this material melts is higher than that which is used for the coil
o form.,_._namely @ styrene or aeryll,c plasiblc-. This would cause softenlng of
ﬁhe: pegs of the Jco_il fém and distortion, -
S Thevinvestig-atio:ns we have made for finding a suitable material fér
tb.e pottmg of transponders have been unsuccessful, To the best of our
'kxmledge thera is no potting material which will satisfy the requirements
of excellent electrical and macham.cal properties and 1orw cost.
: h Coil ‘Winder
_ Dunng this period a coil winder was designed vand constructed. (See
| Eigures' 15 and 16_7.} None of the commercial coil winding machméé that we
 are agquéinﬁed with will wind the coils of thfe design used for transponders.
@ E o A machine’ was builf to determine the feasibility of machine winding such
o - coils. ) | |
The coil winder con31sts of a disc on which the 0011 form is placed,

Cand a wire ahu-ttle-which moves back and forth as the ooil form is rotated,

-'I'he wire shut.‘ble is actuated by two solenoids which are alternatedly
energized as the . coil form is rotated through the distance between pegs.

: The disc on which the coil form is placed has pegs projecting out the side

" which are equal in ,nwnber_'to the number of pegs on the coil form. These
pegs actuate' a micro switch supplying an electrical pulée to a stépping
relay which ’altexfnate_s its posifion exferiy’ time it receives a pulse. A
pair of .contécts on the stepping relay energi;es a relay which completes
the circuit fc;r one of the éoler_mi&s in the érxergized position and the

@ R _ other sdlenoid in the de«energiged position,.

) R . © B5OX1
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| Figure 15, The Coil Winder
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Figure.16. View of Coil Winder Showing Solenoid
Actuated Wire Shuttle and Controlling

Mechanisn.
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.'" ' r’he coil winder was tested and the de51gn proved to be satisfact.ory.

- No further work will be performed toward lmprovement.

2

Program for the Next Interval

1. F:Leld tests of the de’oection systemg}mll be perfomed. ;
e Construction of the prototype model of the detector reflectlng the
| results of the field tests will be 1nit1ated. o _ , | |
3. Experments will be performed to determine the effects of environ-

ment on the frequency and range of the transponder.»

s
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APPENDIX: Two Systems of Modulatxon which Compensate for Tracking E;ggg,

There are two methods of modulation that have been used»for compen-

sating for the’tracking-error which is the result of differences between the
operating frequency of the oscillator and the resonant frequency of the series

tuned circuit of the receivero 'In the first method, the resonant frequency.of

.the receiver circuit is contlnuously varied by means of a rotatlng capacitor.

The maximum and mlnlmum valnes of frequency that result are made sufficient to

- exceed the tracking error frequency differences. Thug, there is always a posi-

tion of the rotating capacitor for which the frequency of the oscillator and the

frequency of the receiver.are the same, In'the‘second method, the oscillator

is freQuency modulatéd by tﬁe‘rotating capacitor, The frequency deviation is
mede larger than the largest freqﬁenoy difference that occurs. Thus, there is
always a timé during the modulation eycle when the frequency of the oscillator
and the freduency of the receiver are the same. It appeérs.that the two sy;téms
are "they same but a careful eminéiibp indicates that t_his no‘b true.

Tﬁe first method of modulation (where the resonant frequency of the

receiver is varied) is indicated by Figure 17.

Detector » . ' Transponder

\ %! o | -
Eoej“t' (’\) . o 1.2!};3 — G2
' C, sin wot I ) %“> ’
Sl

Figure 17. Detection System with Modulation
L of the Receiver Circuit..
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The osc;\.llabor 1s represented as a generator whose voltage is written as Ege
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- where ,Ed is ‘the crest voltage and w is ‘the angular frequency. The receiver cir=
cnit of the detector is indicated by I..l and Bl’ the inductance and resistance of

the d‘etectxar'coil, C; the main tuning capacitor which is ganged to a capacitor

in the oscillator, and C, sin w,t -the fi‘a'tating 'céapacit.or where C, is the maxi-

mum value of capacitance and W, is the angular frequqncy of capacltance variation.

The tranSponder is represent.ed by 1.2 the inductance of the coil, R2 the res:.stance 1
of the eoil and 02 the tuning capacitor of the transponder., M is the mutual |
inductance between the transponder coil and the detector coil,

Wri'cmg the voltages for the detectox' loop
dll + Rl“§1 & — = - I‘E}_% . Eoejm
' C14C, sin Wyt dat B

and for 'the' t';ransponderi ido'p

e G ¢ 2ol

: »are obtained where iy, ip, 95 and q, are the currents and charges respe‘cfoi,vely

for deteetor loop and transponder loop. This is rewritten using the relation

i = .3 giving
le‘-ll 4.31%23_., + Y e - E ¥
At | dt G140y sin wot dt ° '

| | : - 50X1
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@ _ | Now

y g
- . g ifco sinw ¥ -

L
e i E-(l - 8in wot)
Cl(l&ci. sin wot) 1 .

using the binomial expansion and keeping only first order terms since ‘29.,<< 1.
This ieads to a set of equatiéns whose solutions are not always periodicl. ° o
A qualitative explanation of this résult ¢an be obtained from consideration of 4
“the fact that the rotat.ing capaci’cor wm not be passlng through resonance at .
the same phase of the oscillator 51gnal each time. This oondxtinn is aggravated
by the lack of constancy of angular speed of.‘ the rotating. capacitor. :
~The. second method of modulation (where the oscillator is frequency modulated)

is ind:.cated Bg Figure 18.

) : etector . . .~ Av _ Trensponder
——4\/\/\/\/“*—-%'——1\ AN
S L s S
- , aE
g1 . T (1Y) iny > —_C
Co sinpt "E__C_D | ‘?}Q 2
L ﬁ ,

Figure 18, Detection System with Frequency Modulation of Oscillators

o 1 See Edson, W. A., Vacuum Tube Oscillators, (John Wiley & Sons Inc., New York,,1953),
§ pe 3 . : : o ) A
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".’ The oscillaﬁor is frequency modulated by using the same rotatlng capac:.tor that

was used for varying the resonant frequency of the receiver clrcuit. The only.
‘ "~ change be‘Ween the two systems is in the osclllator voltage which is now written
as E, sin (wiemg sin pt) | |

! o _ vwhere
? R B, = crest voltage
- w ooz osoillator angular. frequency with no modulation _ _
p = angular frequency of the modulation (repatition rate of the capaoity
| variation)
- variation of oscillator frequenc ' o

e © modul ating frequéncy '

- This can.be. e’:q)anded in terms of W, (w-p), (mp), (ﬁ-Zp), l(w+2p) eta. ﬁhere the '
‘constant coefflcients are detemlned by Bessel functions whose argument is mf
@ " and order corresponds to t.he hamonic of Pe- Ec sin (wt o mf sin pt) can be
| written as ' '
B, 19, (mf) sin wt
+ Jl(mf) rs:m (m-p)t - gin (m-p)t J
¢.J2(mf) [sin (woZp)t + sin (u—2p)t, ]
K J3(_mf) [sin (m»Bp)t - sin (w—3p)t J

"ao-é—b---ﬁ ...... -.-u_}a

‘The driving funetion is a linear superposition of t’rigrometrid term‘s.- The
solution is thus the linear superposition ef the currents due to each frequmcyo

Thus for angular frequency W

- Ey Jo (mp) .
ho® IR
o o T
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~and for t’he' other frequencies we add. the terms

J (mf) . o
— 3
T e mp)Ll 1 } |m2(g+n;a)
. -3243 E(;mp)L2 r““y@*——i'
].)rl In (Bf) o o
: 1 1 "Mz('Wé ) - '
Il-l Rld-j [(W-np)li - (w-np)c ‘.K A Bp N 1 . _—
, . ' L ;RQ*J (wanp)Ly = (wemp)C, ] |

N

1 p is  made sufflclently small and mf is siufficlently large, the errors due

~ to tracking will be compensated for. The v!alue of p detemmes the frequency

between- the discrete side bands and me dete_nni.nes‘the amphtud& of the sids

bands . Large values of me give a large number of side bénds. If ths. frequency

'd;\.fference between the oscillator and ‘the rece:.ver circuit is less than mfp, the

~ clirrent il will behave almost the sams as 1f the frequency difference was a.lways

gero. This is because of the cpgtri‘butions‘i due to a number of side‘ bands that
are near resonance. |
The second methodvof-mbdulatio;i where 'the oscillator is frequency inoc_i\ilated

has two distinct adventages over the first method of modulation where the resonant

; frequericy of the receiver. ciréuit is'varied. The first advantage is a Iess noisy

signal. This is due to the fact that frequency modulation of the oseillator v

. always produces a periodic sxgnal. The seeond advantage is that the Q of the rotat«-

mg capacitor is not critical when placed. in the osclllator circuit.A It need not
be a very high Q capacitor. This allows the use of materia_l which has better

mechanical properties. !
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